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SEASONAL CYCLE OF CARBON DIOXIDE AND ATMOSPHERIC CIRCULATION IN MARS’
SOUTHERN HEMISPHERE AS OBSERVED BY NEUTRON SPECTROSCOPY. T. H. Prettyman,‘ R. C.
Wiens,' J. M. Reisner,' J. R. Murphy,? and W. C. Feldman,' 'Los Alamos National Laboratory, Los Alamos, New
Mexico. “New Mexico State University, Las Cruces, New Mexico.

Introduction: The south polar seasonal cap con-
sists of CO, ice that condenses and sublimes in re-
sponse to seasonal changes in insolation, advancing
equatorward during the fall and winter and receding
poleward during spring [1]. Cycling of CO, between
the surface and atmosphere at high latitudes plays a
significant role in global atmospheric circulation. Dur-
ing winter, the south polar seasonal cap may contain
up to 30% of the total atmospheric mass [2]. The rate
of cap growth and recession depends on factors such
as atmospheric dust optical depth, surface thermal in-
ertia, and the albedo of the CO ice, all of which affect
the polar energy balance [3].

While the martian atmosphere consists primarily of
CO,, it also contains lesser amounts of noncon-
densable gases, including N, and Ar [4]. As the cap
grows, mass is advected poleward from lower lati-
tudes. Because the net flow of mass is towards the pole
and CO, is being removed from the atmosphere, an
increase in the column abundance of noncondensable
gases at high latitudes is expected to occur. As the
CO; ice sublimes during spring, the situation is re-
versed, and noncondensable gases may be depleted
relative to the global average. For example, enrich-
ment of noncondensable gases near the surface in the
polar regions has been considered in interpreting ob-
servations of anomalously low condensation tempera-
tures (cold spots) by Viking and Mars Global Surveyor
[5,6]; however, other possibilities such as granular ice
or snowfall may also explain these observations [7].
Dynamical weather patterns, such as the formation of a
polar vortex, and turbulent phenomena such as eddy
diffusion affect the enrichment and depletion of non-
condensables. Thus, noncondensable gases could serve
as an atmospheric tracer, providing information needed
to understand these processes.

The purpose of this study is to analyze data from
Mars Odyssey Neutron Spectrometer to determine the
column abundance of noncondensable gases and CO;
ground ice as a function of position and time in the
southern hemisphere. Data acquired by the neutron
spectrometer span the advance and recession of the
south polar cap during a single martian year. The
spectrometer can resolve spatial features on the surface
that are 10° of arc length in scale (600 km) and tempo-
ral variations on the order of 5° of Lg can be moni-
tored.

Theory: Neutrons are produced in the surface and
atmosphere by galactic cosmic rays (GCR). Neutrons

produced by these interactions loose energy by succes-
sive collisions with atmospheric and surface nuclei,
uitimately achieving thermal equilibrium with their
surroundings. A portion of the neutron population
escapes the atmosphere and reaches orbital altitude
(400 km). The neutron spectrometer sorts these neu-
trons into three energy ranges: fast (>0.7 MeV), epi-
thermal (between 0.1 eV and 0.7 MeV), and thermal
(<0.1 eV). Count rates measured in these energy
ranges depend on the composition and structure of the
surface and atmosphere [8]. Fast neutrons are sensi-
tive to the column density of CO, surface ice. Epi-
thermal neutrons are sensitive to CO, surface ice and
also depend weakly on the abundance of noncon-
densable gases. Thermal neutrons have the highest
sensitivity and range for determining CO, surface ice
abundance and are also very sensitive to the column
abundance of noncondensable gases, whose main con-
stituents (N; and Ar) strongly absorb thermal neutrons.
Based on simulations of the response of the spectrome-
ter to neutrons produced by GCR interactions, we con-
structed a system of equations that can be solved to
uniquely determine the column abundance of CO, sur-
face ice and noncondensable gases from measured
neutron count rates.

Sensitivity to N; and Ar: To demonsirate the sen-
sitivity of thermal neutrons to the enrichment and de-
pletion of noncondensable gases, we made a scatter
plot of zonally-averaged count rates (between latitudes
-70° and -60°) for thermal vs. epithermal neutrons
(Fig. 1). The count rates correspond to roughly 5° Lg
intervals. Arrows on the plot show the progression of
time as the frost advances and recedes. Epithermal
neutrons are weakly sensitive to noncondensable gases
and are thus used in the figure as a proxy for the col-
umn abundance of CO, ice. If there was no variation
in atmospheric composition, the count rates would
scatter about a single regression line since both epi-
thermal and thermal neutrons would only depend on
CO; ice column abundance. However, the observed
count rates trace a well-defined loop. Thermal neutron
count rates are lower during the advance than during
the recession, which suggests that the column abun-
dance of N and Ar is elevated during cap growth [9].

Results and Conclusions: The time variation of
the column density of CO, ice and the weight fraction
of noncondensable gases was determined from the
neutron counting data and is shown for a selected lati-
tude zone (Fig. 2). The weight fraction was calculated
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assuming composition of the atmosphere was constant
throughout the column. The abundance of noncon-
densable gas rises rapidly achieving a broad maximum
during the winter when the condensation rate is high.
As the condensation rate diminishes and the column
density of CO, ice achieves its maximum value, the
weight fraction of noncondensable gases begins to
drop rapidly due to the advection of noncondensable
gases to lower latitudes, which is driven by the subli-
mation of the seasonal cap. The fact that a broad
maximum is sustained during cap growth and that high
enrichment is achieved (nearly a factor of 5 times the
summertime value) indicates that lateral mixing by
turbulent processes is minimal (for example, due to the
formation of a stable, low pressure polar vortex that is
established during cap growth). If the entire column is
uniform in composition, the observed enrichment of
noncondensable gases should have little effect on the
CO, condensation temperature.

The mass of CO, surface ice was determined by in-
tegrating the column density over the surface. The
total mass of CO, in the seasonal cap along with the
mass for selected zonal regions is shown as a function
of time in Fig 3. The total atmospheric column density
(atmospheric mass) predicted by the Ames Research
Center General Circulation model for equatorial lati-
tudes (blue curve) and near the south pole (red curve)
is shown for comparison. The peak inventory of CO,
(7x10'® g) in the seasonal cap determined by neutron
spectroscopy is similar to that predicted by the ARC-
GCM (6.5x10™ g) and also corresponds to the pre-
dicted minimum in atmospheric mass. The neutron
measurements confirm that the southern seasonal cap
can contain almost 30% of the total atmospheric mass
of approximately 2.5x10"” g. Further work is under-
way to determine longitudinal variations in the sea-
sonal cap and atmosphere, and to include surface pres-
sure as an independent parameter in the analysis. The
results will be used to constrain parameters for the
polar energy balance and atmospheric circulation in
the southern hemisphere.
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